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) PHASE CORRELATION MULTIPLEXED(PCM) HOLOGRAPHIC MEMORY SYSTEM 
)Abstract: 

OBLEM TO BE SOLVED: To realize speedier location and retrieval of 
ographically stored data by allocating a beam in a limited bandwidth 
ore a holographic element storing a hologram of a reference beam is 
idiated with the beam by using a filter like an aperture. 
LUTION: A spatial spectrum of a reference beam is controlled by 
anting a beam through a filter 790 for covering a part of a reference 
am in order to eliminate high frequency components from the reference 
am. The filter 790 controls a plane wave signal 765, and thereby a half 
ue full width of an altered plane wave signal 765' is largely increased, 
srefore, the bandwidth of the reference beam is expanded while the peak 
sition is kept as it is. And, to ascertain the position of the prescribed 
ographic data, a necessary scanning resolution is largely degraded, and 
j holographic data position can be ascertained more speedily. 
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\IMS 



dm^l Ha) The holographic memory cell which memorizes holographic data and it has_insideXHMC)^)--The 



)graphic optical element which memorizes the hologram of the holographic memory system (HMS) reference beam 
ch has predetermined frequency spectrum, and it has inside (HOE), (c) The source of an object beam which 
erates an object beam and turns said object beam to said holographic memory cell, (d) The source of a plane wave 
ch generates a plane wave signal and turns said plane wave signal to said HOE, (e) when it has been arranged 
veen said source of a plane wave, and said HOE, it consists of a filter which operates said plane wave signal and said 
E is irradiated by said operated plane wave signal Said HOE is a phase correlation multiplexing (PCM) holographic 
nory system characterized by what a modification HMS reference beam is turned and projected for on said 
jgraphic memory cell. 

lim 2] Said filter is a system according to claim 1 characterized by what said a part of plane wave signal is covered 

urn 3] Said filter is a system according to claim 2 characterized by what the high-frequency component of said plane 
'e signal is removed for. 

lim 4] Said filter is a system according to claim 2 characterized by what it consists of opening of fixed area and is 
e for the orientation of said plane wave signal through this opening. 

lim 5] Said filter is a system according to claim 2 characterized by what it consists of opening of adjustable area and 
one for the orientation of said plane wave signal through this opening. 

lim 6] Said source of an object beam is a system according to claim 1 characterized by what it consists of (b) laser 
a (b) optical processor, and orientation of said laser is carried out through this optical processor, and said object 
m appears from this optical processor. 

lim 7] Said HOE is a system according to claim 1 characterized by what is been the transparent mode HOE. 
lim 8] Said HOE is a system according to claim 1 characterized by what is been in reflective mode HOE. 
lim 9] The holographic memory cell which memorizes holographic data and it has inside (HMC), The holographic 
ical element which memorizes the hologram of a HMS reference beam and it has inside (HOE), The source of an 
;ct beam which generates an object beam and turns said object beam to said holographic memory cell, It is the 
roach of controlling the selectivity of the holographic memory system (HMS) which has the source of a plane wave 
ch generates a plane wave signal and turns said plane wave signal to said HOE. This approach When said HOE is 
minated by the operated plane wave signal, in order that said HOE may turn and project a modification HMS 
irence beam on said holographic memory cell The selectivity control approach of the holographic memory system 
AS) characterized by what is consisted of a step which operates said plane wave signal. 

aim 10] The approach according to claim 9 characterized by what it has further the step which covers said a part of 
le wave signal for. 

aim 1 1] The approach according to claim 9 characterized by what it has further the step which removes the high- 
[uency component of said plane wave signal for. 

aim 12] The approach according to claim 9 characterized by what it has further for the step which carries out 
rotation of said plane wave signal through opening of fixed area. 

aim 13] The approach according to claim 9 characterized by what it has further for the step which carries out 
rotation of said plane wave signal through opening of adjustable area. 

aim 14] The holographic storage ingredient which has two or more holographic data memorized inside memorizes. It 
le approach of tracing the holographic data storage location used with the holographic memory system possessing 
holographic optical element (HOE) which memorizes and has the hologram of a holographic memory system (HMS) 
de. And this approach (a) the step which turns an object beam to said holographic storage ingredient, and when said 
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E is illuminated by the plane wave signal by which (b) actuation was carried out The holographic data storage 
ition **** approach characterized by what is consisted of a step which operates said plane wave signal turned to said 
E in order that said HOE may turn and project a modification HMS reference beam on said holographic storage 
edient. 

lim 15] Said step (b) is an approach according to claim 14 characterized by what is consisted of covering said a part 
•lane wave signal. ^ 
lim 16] Said step (b) is an approach according to claim 14 characterized by what is consisted of removing the high- 
luency component of said plane wave signal. 

iim 17] Said step (b) is an approach according to claim 14 characterized by what is consisted of carrying out 
ntation of said plane wave signal through opening of fixed area. 

iim 18] Said step (b) is an approach according to claim 14 characterized by what is consisted of carrying out 
ntation of said plane wave signal through opening of adjustable area. 

iim 19] It is the system with which the holographic data storage location memorized in the holographic storage 
edient is traced and searched. This system (a) The holographic optical element which memorizes the hologram of a 
[S reference beam and it has inside (HOE), (b) The light source which generates the lightwave signal by which the 
imation was carried out in general, and turns said lightwave signal to said HOE, (c) when it has been arranged 
veen said light source and said HOE, it consists of a filter which operates said lightwave signal and said HOE is 
diated by said operated lightwave signal Said HOE is holographic data storage location **** and a retrieval system 
racterized by what a modification reference beam is turned and projected for on said holographic storage ingredient, 
iim 20] Said filter is a system according to claim 19 characterized by what said a part of lightwave signal is covered 

iim 21] Said filter is a system according to claim 20 characterized by what the high-frequency component of said 
twave signal is removed for. 

iim 22] Said filter is a system according to claim 20 characterized by what it consists of opening of fixed area and is 
e for the orientation of said lightwave signal through this opening. 

iim 23] Said filter is a system according to claim 20 characterized by what it consists of opening of adjustable area 
is done for the orientation of said lightwave signal through this opening. 



inslation done.] 
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TAILED DESCRIPTION 



tailed Description of the Invention] 
31] 

sld of the Invention] This invention relates to a holographic memory system. Furthermore, this invention relates to 

system and approach of controlling the selectivity of a holographic memory system at a detail. 

32] 

scription of the Prior Art] Holographic memory or a storage system needs three-dimensions storage of a holographic 
>lay of a data element (namely, hologram) as the refractive index stamped in the capacity of a storage like the crystal 
ithium niobate, and/or a change pattern of absorption. A holographic memory system (HMS) is characterized by the 
sntial rate which accesses the high density storage potentia and stored data at random, and is changed into them. 
33] Generally, a data coding object beam is combined with a phase coherent reference beam, and it operates by 
erating an interference pattern from the corner of a photosensitive storage like a holographic memory cell (HMC) to 
>rner. An interference pattern induces the ingredient denaturation in HMC which records a hologram. The response 
he hologram in a storage is the function of the relative amplitude of an object beam and a reference beam, and the 
se contrast of an object beam and a reference beam. Moreover, it depends for this response on the include angle 
;n being projected on the wavelength, object beam, and reference beam of an incident beam to a storage sharply. 
34] The data memorized in holography are reproduced by projecting a reference beam similar to the reference beam 
i for memorizing data to HMC in the same include angle used for generating a hologram, wavelength, a phase, and a 
ition. A hologram and a reference beam interact and reproduce the memorized object beam (namely, data). Then, the 
•oduced object beam is detected for example, using a photo detector array. Subsequently, in order to transmit to an 
jut device, corrective action of the recovery data is carried out. 

35] Generally, the dynamic range of a holographic storage is larger than the dynamic range required to memorize the 
de hologram which has the signal-to-noise (S/N) ratio which can be admitted. Therefore, in order to attain much 
e big recording density, it is desirable to multiplex the hologram of a large number in a certain location in a storage. 
; of the redundancy technics is phase correlation multiplexing (PCM). With this technique, in order to identify the 
lication hologram in a storage, correlation selectivity and the Bragg (Bragg) selectivity are used. Correlation 
ictivity is based on the amplitude, the phase, and the contents of an include angle of the reference beam generated by 
relative shift (the direction of arbitration) of the storage about the reference beam. 

36] However, a multiplex system like PCM needs a comparatively complicated reference beam. A complicated 
se mask, a high quality lens, and the fourier flat-surface spatial filtering are required for generation of this reference 
m. Unluckily, the structure of a phase mask is delicate and a lens is about [ being expensive ] and bulky. Moreover, 
fourier phase' space filter blocks the great portion of incident light energy, and increases output supply of a system 
rply Moreover, it is necessary to perform alignment of these components in the level precision below a micron 
crometer), and,' in the case of a PCM holographic memory system, still more generally, it must be adjusted for every 
:em. Though level of such adjustment cannot be carried out using components and a technique in ordinary use, it is 
y difficult. In order to generate or reproduce the reference beam for holographic memory systems, a holographic 
ical element (HOE) can be used. Therefore, generally HOE brings about the adjustment arrangement in which 
lparatively cheap and easy reappearance of one or more required optical elements is possible, in order to generate the 
a-ence beam in HMS. An example of HOE is indicated by the United States patent application^ 08th ] No. 968,024 

cification. ..... 

07] When using PCM in a holographic memory system, or other correlation selectivity techniques, creation 
»rmation memorized by HMC is characterized by comparatively high resolution, therefore high selectivity. High 
>lution and high selectivity are desirable properties, and high resolution and a high selectivity technique, and 
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ipment are required also for retrieval of the holographic data moreover memorized although it was just required for 

i density record of the hologram by HMC. 

)8] 

»blem(s) to be Solved by the Invention] Therefore, the purpose of this invention is increasing the width of face of the 
ctivity function of the memorized hologram, searching still more quickly the holographic data memorized by that 
>e, and offering the capacity to search. 
)9] - 

:ans for Solving the Problem] Said technical problem is solved by the control system and approach of a selectivity 
:tion in a holographic memory system which enable still quicker location (the storage location tracing) and retrieval 
le data memorized in holograph. According to this invention, a beam is assigned to limit bandwidth before 
iiating the holographic optical element the hologram of a reference beam was remembered to be for the beam with a 
r like opening in the reference beam. 

10] This invention offers a phase correlation multiplexing (PCM) holographic memory system (HMS). This PCM 
udes the holographic memory cell (HMC) which has holographic data memorized in this. Moreover, a PCM 
>graphic memory system also has the holographic optical element (HOE) the hologram of the HMS reference beam 
ch has predetermined frequency spectrum was remembered to be. An object beam is generated and the source of an 
jet beam for turning this object beam to a holographic memory cell is arranged. A plane wave signal is generated and 
source of a plane wave for turning this plane wave signal to HOE is also arranged. Moreover, the PCM holographic 
nory system of this invention also has a filter (arranged between the source of a plane wave, and HOE) for operating 
ane wave optical field. If HOE is irradiated by the operated plane wave signal, HOE will project a modification 
S reference beam toward a holographic memory cell. 

11] This invention also offers the approach of controlling the selectivity of the holographic memory system (HMS) 
ch has the holographic memory cell (HMC) holographic data were remembered to be. This HMS also includes the 
>graphic optical element (HOE) the hologram of a HMS reference beam was remembered to be, the source of an 
jet beam for generating an object beam and turning this object beam to a holographic memory cell, and the source of 
ane wave for generating a plane wave signal and turning this plane wave signal to HOE. When this control approach 
sists of a step which operates a plane wave signal and HOE is irradiated by the operated plane wave signal, HOE 
s and projects a modification HMS reference beam on a holographic memory cell. 

12] Furthermore, this invention also offers the approach of tracing the holographic data storage location memorized 
le holographic storage ingredient which has two or more holographic data used with the holographic memory system 
IS) which has the holographic optical element (HOE) the hologram of a HMS reference beam was remembered to 
The approach of this embodiment consists of turning an object beam to a holographic storage ingredient. This 
roach also has the step which operates further the plane wave signal turned to HOE. When HOE is irradiated by the 
rated plane wave signal by this, HOE turns and projects a modification HMS reference beam on a holographic 
age ingredient. 

13] Furthermore, this invention traces the holographic data storage location memorized in the holographic storage 
edient, and also offers the system to search. The system of this embodiment has the holographic optical element 
)E) the hologram of a reference beam was remembered to be. This system generates the lightwave signal by which 
collimation was carried out further in general, and also has the light source for turning this lightwave signal to HOE. 
reover, this system also has the filter arranged between the light sources and HOE(s) for operating a lightwave 
tal. If HOE is irradiated with the operated lightwave signal, HOE will turn and project a modification reference beam 
i holographic storage ingredient. 
14] 

ibodiment of the Invention] An example of the technique which multiplexes many holograms in order to obtain the 
l recording density in a holographic storage ingredient is phase correlation multiplexing (PCM). Phase correlation 
tiplexing is indicated by the U.S. Pat. No. 5719691 official report. 

15] Vocabulary called the "holographic medium" or the "holographic storage ingredient" used on these specifications 
ins the ingredient which has the photochemistry operation which can record a hologram on the interior. This 
•edient can take various gestalten of the film containing for example, a distributed silver halogenide particle, an 
date system phot polymer, or self-standing LiNb03 crystal. 

16] The vocabulary "a holographic optical element (HOE)" used on these specifications means the dioptrics object in 
ch one or more holograms of the reference beam used within a holographic memory system (HMS) can be shown. 
E can be made to ** generation, generating, formation, etc. by interference in the holographic storage ingredient 
veen a plane wave signal (namely, HOE reference beam) and an object beam (namely, HMS reference beam). HOE 
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consist of ingredients of suitable arbitration to record a hologram. If HOE is generated, a HMS reference beam can 
eproduced by turning to HOE the plane wave (namely, lightwave signal by which the collimation was carried out in 
eral) which has the same property as a HOE reference beam. Therefore, a playback reference beam offers a means to 
erate a HMS reference beam, without needing an optical processor. Therefore, HOE offers the single optical element 
ch generates the reference beam replaced with an optical processor, and simplifies the approach of making a 
irence beam generating in a holographic memory system. 

17] Vocabulary called the "selectivity" and the "selectivity function" which are used on these specifications means 
capacity of a holographic memory system (or that alien system that records and/or searches holographic data 
brmation)) for identifying two or more holographic data (or holographic information) memorized in the holographic 
age ingredient. The selectivity of a holographic memory system changes according to the bandwidth of the reference 
l used in order that at least a part may record and search holographic data (information). 
18] Drawing 1 shows the typical optical processor 135 used with a phase correlation multiplexing (PCM) 
^graphic memory system (HMS). The optical processor 135 changes the plane wave signal 105 into a coding beam, 
oding beam can be used as a reference beam for HMS (namely, HMS reference beam). Furthermore, specifically, the 
le wave signal 105 (namely, coherent beam of a laser beam) irradiates the high precision reference mask 1 10 (for 
mple, a phase mask and/or an amplitude mask). A mask 1 1 0 encodes a light beam 1 05 by guiding the bandwidth 
duct between altitude of for example, a plane wave signal. A coding beam spreads even the 1st lens 1 15 which has a 
il distance fl only for distance fl . Passage of the 1st lens 115 generates the Fourier transform object of the reference 
se mask 1 10 at the point of another distance fl over the 1st lens 115. The highpass spatial filter 120 is formed in the 
i location of a Fourier transform object. Generally a filter 120 blocks most frequencies between low altitudes 
tted from the reference mask 1 10. After passing a high-pass filter 120, a coding beam spreads even the 2nd lens 125 
ch has a focal distance f2 only for distance f2. A coding beam passes the 2nd lens 125, spreads only another distance 
and arrives at the image surface 130. In the image surface 130, the coding beam 140 (Sign A is attached) can be 
racterized as a reference beam (namely, HMS reference beam) of a holographic memory system (HMS). 
19] The hologram (namely, hologram of a HMS reference beam) of the coding beam 140 can be made to memorize 
holographic medium (to refer to drawing 2 and drawing 3 ) by arranging a holographic medium in the location of 
image surface 130. 

20] Vocabulary called the "reference beam" and the "object beam" which are used on these specifications means the 
m used with the beam and holographic memory system which are used in order to generate HOE, respectively. 
Tefore, in order to distinguish and use these vocabulary, "HOE" and "HMS" are attached and distinguished suitably. 
21] Drawing 2 shows the generation or formation of the holographic optical element (HOE) 250 used with the 
^graphic memory system by this invention. Especially drawing 2 shows generation of the transparent mode HOE250. 
jn A was attached) The HOE object beam 240 (it is also a HMS reference beam) is generated as explained in relation 
[rawing 1 . The HOE object beam 240 spreads only distance D from the optical processor 235 toward the holographic 
age ingredient 252, or orientation is carried out by the option. Incidence of the HOE object beam 240 is carried out 
rie holographic storage ingredient 252, and it intersects the HOE reference beam 260 (plane wave signal) there. The 
E reference beam 260 is as coherent as the HOE object beam 240. It is generated according to the light source 264, 
the HOE reference beam 260 is turned to the holographic storage ingredient 252 from this light source, and 
minates the holographic storage ingredient 252, and intersects the HOE object beam 240 by the position in the 
^graphic storage ingredient 252. The interference pattern generated between the HOE object beam 240 and the HOE 
Tence beam 260 is recorded as a hologram within the holographic storage ingredient 252. Therefore, the holographic 
age ingredient 252 is changed into the holographic optical element (HOE) 250 which has the hologram of the HOE 
-ct beam 240 (namely, HMS reference beam) memorized inside. 

22] although the HOE reference beam 260 can be a beam of suitable arbitration - general a plane wave ~ or it is 
beam of refreshable others easily. Generally the HOE object beam 240 and the HOE reference beam 260 are 
erated by this contractor by the coherent light from a well-known the same or similar laser light source. 
23] The holographic storage ingredient 252 can also be an ingredient of suitable arbitration, or can also be the 
figuration or arrangement of an ingredient which can record any of a surface hologram or a volume hologram they 
and can generate diffraction enantiomer. For example, the holographic storage ingredient 252 is a phot polymer, a 
toresist, thermoplastics, a refractility ingredient, or an optical compatible ingredient. The holographic storage 
redient 252 has the 1st field 265 of general in general a plane, and the 2nd field 270 where a plane counters in 
eral. It is fully a plane, or the holographic storage ingredient 252 hits 1cm, and is refreshable to two waves of light in 
eral. 

24] Drawin g 3 shows the generation or formation of the reflective mode holographic optical element (HOE) 350 
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i with the holographic memory system by this invention. HOE350 shown in drawing! is shown in drawing_2 , and 
a different configuration from the transparent mode HOE250 explained above. Furthermore, specifically, it is 
erated from the light source 364, (Beam B) is turned to the 2nd field of the holographic storage ingredient 352, and 
HOE reference beam 360 intersects a HOE object beam (beam A) by the position in the holographic storage 
edient 352. The generated interference pattern is caught as a hologram of the HOE object beam 340 within the 
)graphic storage ingredient 352, and HOE350 of the HOE object beam 340 is formed thus. The reflective mode 
E350 differs from the transparent mode HOE250 the following point. Although the reflective mode HOE350 is 
erated using the beam turned to the opposite side of the holographic storage ingredient 352, the transparent mode 
E250 is generated using the beam turned to the same field of the holographic storage ingredient 252. 
25] Both the transparent mode and a reflective mode holographic optical element (HOE) can memorize two or more 
E object beams in this optical element by multiplexing. For example, when a holographic storage ingredient is 
lparatively thick (for example, 1mm), two or more HOE object beams can be made to be able to multiplex within a 
jgraphic storage ingredient, and can form HOE of two or more object beams. Multiplexing of two or more object 
tns can be performed by changing the include angle, the wavelength, or the location of a HOE reference beam, 
aging an object beam property. Change of an object beam property can be carried out by, for example, using a mask, 
fferent filter, or a different lens combination configuration. 

26] Drawing.4 A and drawing 4 B show the transparent mode holographic optical element (HOE) 550 used with the 
jgraphic memory system (HMS) 500 constituted by this invention, the reference beam used in order to reproduce the 
E object beam 540 (beam A) from HOE550, and to generate HOE550 -- it is generated from the light source 564, 
the same or similar reference beam 560 is turned to HOE550, and illuminates HOE550. The beam emitted from 
E550 in the case of lighting is playback of the HOE object beam 540 (beam A). This is an object beam caught from 
first with the holographic storage ingredient 552, in order to generate HOE550, and it shows a HMS reference beam. 
: contents and the direction of the reference beam 560 to HOE550 change partially according to the distance D 
veen the 2nd lens 525 in the optical processor 535 (refer to drawing 2 ), and the holographic storage ingredient 252 
lpared with the focal distance f2 of the 2nd lens during generation of the holographic optical element 550 (for 
mple, optical element which is shown in drawing 2 and explained above) at least. 

27] As shown in dra win g_4 A, when the distance D under HOE550 generation is under the focal distance f2 (refer to 
ving_2 ) of the 2nd lens, the image surface 575 (Sign P is attached) of the HOE object beam 540 is formed exceeding 
E550. In such a case, HOE550 is illuminated like the case where it is used in order to generate HOE550, by turning a 
frence beam 560 to the same field (namely, field 565). Then, the HOE object beam 540 is reproduced by the 
raction of a reference beam 560 and HOE550, and the image surface 575 (or other desired fields) of the HOE object 
tn 540 is formed exceeding HOE550. 

?8] As shown in drawing 4 B, when the distance D under HOE550 generation is larger than the focal distance f2 
er to drawing 2 ) of the 2nd lens, the image surface 575 (Sign P is attached) of the HOE object beam 540 is formed 
lis side or a transverse plane rather than HOE550. In such a case, HOE550 is illuminated from the same opposite 
: as what used the compound conjugate one of the reference beam 562 generated from the light source 563, and was 
i in order to generate the 2nd field 550, i.e., HOE. Compound conjugation (sign A* is attached) of the HOE 
rence beam 542 is reproduced by the interaction of the compound conjugate one of a reference beam 562, and 
E550, and the field 575 of a request of compound conjugation (sign A* is attached) of the HOE object beam 542 is 
ned in this side or transverse plane of HOE550. 

29] In both embodiments shown in drawing.4 A and drawing 4 B, the holographic memory system 500 has the 
^graphic memory cell (HMC) 580 which can memorize two or more holographic data. HMC580 is arranged in 
tion to the image surface 575 the location of the holographic data of the arbitration memorized in this, and for 
ieval. Holographic data are memorized in HMC580 as an array constituted by the comparatively close **** high 
sity characterized with the high selectivity between [ each ] two or more holographic data. For example, the 
jrding density in a PCM holographic memory system is [ micrometer ] 2 about 300 channels a bit /. 
30] Drawing 5 A and drawing _5 B show the reflective mode holographic optical element (HOE) 650 as some 
^graphic memory systems 600 constituted by this invention. The playback reference beam 660 from the light source 

is turned to HOE650, and the HOE object beam 640 (beam A) irradiates it, and is reproduced by illuminating 
E650. The contents and the direction of the playback reference beam 660 (beam B) to HOE650 change partially 
ording to the distance D between the 2nd lens 625 (for example, refer to drawing 3 ) of the optical processor 635, 

the holographic storage ingredient 652 compared with the focal distance f2 of the 2nd lens under generation of 

E650 at least. _ ' 

31] As shown in drawi ng 5 A, when the distance D under generation of HOE650 is less than [ of the 2nd lens / focal 
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ance f2 ], the image surface 675 (Sign P is attached) of the HOE object beam 640 is formed exceeding HOE650. In 
i a case, HOE650 is illuminated by turning a reference beam 660 to the 2nd field 670. Then, the same with having 
lained above, the interaction of a reference beam 660 and HOE650 is reproduced, and the HOE object beam 640 
ns the image surface 675 (or other desired fields) of the HOE object beam 640 in the location beyond HOE650. 
52] As shown in drawing 5 B, when the distance D under generation of HOE650 is larger than the focal distance £2 
he 2nd lens, the image surface 675 (Sign P is attached) of compound conjugation (sign A* is attached) of the HOE 
set beam 642 is formed a transverse plane or before the holographic optical element (HOE) 650. In such a case, 
E650 is illuminated by the compound conjugate one of the reference beam 662 generated from the light source 663. 
: compound conjugate one of a reference beam 662 illuminates HOE650 from the 1st field 665 of what was used in 
sr to generate HOE650, and the opposite side. The interaction of the compound conjugate one of a reference beam 
and HOE650 is reproduced, and compound conjugation (sign A* is attached) of the HOE object beam 642 forms 
image surface 675 of compound conjugation (sign A* is attached) of the HOE object beam 642, or the field of other 
jests in this side or transverse plane of HOE650. 

53] In both embodiments shown in drawing 5 A and drawing 5 B, the holographic memory system 600 has the 
>graphic memory cell (HMC) 680 which can memorize two or more holographic data. HMC680 is arranged in 
tion to ROKEYON of the holographic data of the arbitration memorized in this, and the image surface 675 for 
ieval. Holographic data are memorized in HMC680 as an array constituted by the comparatively close **** high 
sity characterized with the high selectivity between [ each ] the holographic data with which plurality is memorized. 
34] Generally drawing 4 A, drawing 4 B, drawing 5 A, and drawing 5 B show the system and approach of recording 
toring holographic data in a holographic storage with a high density gestalt. Next, drawing 6 is referred to. The 
ition and retrieval of holographic data which were memorized by this invention are explained to a detail. The 
>graphic memory system 700 has the optical processor 735. The plane wave signal 105 passes this processor, and a 
ing object beam generates it from this processor. The object beam 740 includes the holographic data with which the 
lest was memorized. The object beam 740 is turned to the holographic memory cell (HMC) 780 which can 
norize two or more holographic data, and contains desired holographic data and which can have memorized 
>graphic data. The source 764 of a plane wave generates the plane wave signal 765 by which the collimation was 
ied out in general, and turns the plane wave signal 765 to HOE750. HOE750 contains the hologram of the 
)graphic memory system (HMS) reference beam 760. Before reaching HOE750, plane wave signal 765* which the 
le wave signal 765 was operated with the filter 790, consequently was operated illuminates HOE750. In the example 
pening, a filter 790 consists of the immobilization or adjustable area openings which have a predetermined 
figuration, an opening configuration - for example, a perfect circle form, an ellipse form, a rectangle (namely, slit), 
a hemicycle - or they can be the size of arbitration, or the thing of a configuration as a matter of fact. However, the 
of arbitration or the thing of a configuration must differ from the plane wave signal 260,360 (for example, refer to 
ving 2 and drawing 3 ) used for the opening changing the plane wave signal 765, consequently operated plane wave 
tal 765' generating HOE750 (that is, diameters differ). A filter 790 removes a high frequency component from the 
le wave signal 765, and restricts the bandwidth of a signal 765 effectively. 

55] The data currently recorded from the first in HOE750 are recorded as a Fourier transform object. Therefore, 
vance exists between the frequency spectrum of the reference beam (namely, HOE reference beam) used in order to 
erate HOE, and frequency information being spatially recorded in HOE750. Therefore, when HOE750 is illuminated 
he plane wave signal which has a different space profile from a HOE reference beam, the storage spectrum 
lponent from which a reference beam differs is illuminated, and modification reference beam 760' is generated by 
E750. Modification reference beam 760' actually has the contents of information which have different frequency 
:trum from the reference beam used in order to record a hologram on HOE750 first, consequently were reduced by 
oval of some high frequency component. For example, modification reference beam 760 f has the much more same 
k maximum (for example, refer to drawing 7 A) as wide band width-of-face selectivity (for example, refer to 
ving 7 B) and the original reference beam. 

56] By expanding the width of face of the selectivity of a holographic memory system, this invention shoots quickly 
ition of the data of the arbitration of two or more holographic data memorized in the holographic memory cell, and 
ches them. The spatial frequency spectrum of a reference beam is controlled by carrying out orientation of the beam 
•ugh the filter 790 which covers a part of reference beam, in order to remove a high frequency component from a 
rence beam. A filter 790 operates the plane wave signal 765, and, thereby, the full width at half maximum of 
lified plane wave signal 765 f increases sharply (for example, refer to drawing 7 A and drawing 7 B). Therefore, the 
dwidth of a reference beam is expanded, maintaining a peak location as it is. Scanning resolution (space sensibility 
step resolution of a scan) required in order to trace the location of **** and specific holographic data falls sharply. 
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isequently, still more quickly, the location is traced, and holographic data are searched, and the engine performance 
holographic memory system is improved sharply. 

M] The configuration (namely, size and a form) of opening of a filter controls the spatial frequency spectrum of the 
n by which orientation is carried out through this opening. Generally, the high frequency component of a beam is 
reased and/or is cut off as the area of opening decreases. This invention also plans a filter which increases the 
neter of the light beam which passes a filter again. Although some opening configurations have been explained/this 
sntion is not limited to the specific configuration where it explained above, by not passing over these having 
jtrated to the last for explanation, and it is [0038]. Moreover, generally, as shown in draw_ing_7 A, for PCM 
)graphy, record of the hologram by the compound reference beam is important, and produces a generally very 
ow selectivity function. Therefore, the abnormality recording density (for example, about 300 channels bit 
icrometer ] 2 **) of the holographic data in a holographic memory cell is possible by phase correlation multiplexing 
M) holography. For example, the full width at half maximum of correlation between a reference beam and storage 
)graphic data is less than about 5 micrometers. The peak value in drawing 7 A shows the diffraction reinforcement 
storage hologram as a function of a HMC location. 

*9] Conventionally, the narrow corresponding selectivity function has also been needed for retrieval of storage 
)graphic data. About [ that it takes time amount ] and the costs of scanning to specification the holographic memory 
on which high density was made to accumulate two or more holographic data about holographic data was also high, 
ording to this invention, the selectivity function of a holographic memory system is made to extend or expand to a 
venient thing, and the quick location and quick read-out of holographic data from a holographic memory cell are 
le possible. The graph shown in drawing 7 B shows the selectivity function of the holographic memory system 
stituted by this invention. In this case, the reference beam is operated with the filter, as explained to the detail above, 
te location of desired storage holographic data is traced within a holographic memory cell, stored data can be 
oduced from one of the reference beams removing a filter, i.e., by opening opening. 
t0] 

cct of the Invention] According to this invention, as explained above, the width of face of the selectivity function of 
memorized hologram is increased, and the holographic data memorized by that cause can be searched still more 
:kly, and can be searched. 
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)posed Amendment] 

aim 1] (a) The holographic memory cell which memorizes holographic data and it has inside (HMC), 

The holographic optical element which memorizes the hologram of the holographic memory system (HMS) 

;rence beam which has predetermined frequency spectrum, and it has inside (HOE), 

The source of an object beam which generates an object beam and turns said object beam to said holographic 

riorycell, . 

The source of a plane wave which generates a plane wave signal and turns said plane wave signal to said HOb, 

It is arranged between said source of a plane wave, and said HOE, and has the filter which operates said plane wave 

lal, 

; the phase correlation multiplexing (PCM) holographic memory system characterized by what said HOE turns a 
dification HMS reference beam to said holographic memory cell when said HOE is irradiated by said operated plane 
/e signal, and is projected. . 
aim 2] Said filter is a system according to claim 1 characterized by what said a part of plane wave signal is covered 
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im 3] Said filter is a system according to claim 2 characterized by what the high-frequency component of said plane 
e signal is removed for. 

im 4] Said filter is a system according to claim 2 characterized by what it consists of opening of fixed area and is 
s for the orientation of said plane wave signal through this opening. 

im 5] Said filter is a system according to claim 2 characterized by what it consists of opening of adjustable area and 
me for the orientation of said plane wave signal through this opening, 
im 6] Said source of an object beam, 
^aser, 

Optical processor 

system according to claim 1 characterized by what orientation of said laser is carried out through this optical 
lessor, and said object beam appears from this optical processor. 

im 7] Said HOE is a system according to claim 1 characterized by what is been the transparent mode HOE. 

im 8] Said HOE is a system according to claim 1 characterized by what is been in reflective mode HOE. 

im 9] It is the approach of controlling the selectivity of the holographic memory system (HMS) which has the 

ce of a plane wave which generates the source of an object beam which generates an object beam with the 

.graphic memory cell (HMC) which memorizes holographic data and it has inside, and the holographic optical 

lent (HOE) which memorizes the hologram of a HMS reference beam and it has inside, and turns said object beam 

lid holographic memory cell, and a plane wave signal, and turns said plane wave signal to said HOE, and is this 

oach, 

selectivity control approach of the holographic memory system (HMS) characterized by having the step which 
ates said plane wave signal in order that said HOE may turn and project a modification HMS reference beam on 
holographic memory cell, when said HOE is illuminated by the operated plane wave signal. 

im 10] It is the approach of tracing the holographic data storage location used with the holographic memory system 
;essing the holographic optical element (HOE) which is memorized by the holographic storage ingredient which has 
or more holographic data memorized inside, and memorizes the hologram of a holographic memory system (HMS) 
le, and it has, and is this approach, 

rhe step which turns an object beam to said holographic storage ingredient, 

rhe holographic data storage location **** approach characterized by having the step which operates said plane 
e signal turned to said HOE in order that said HOE may turn and project a modification HMS reference beam on 
holographic storage ingredient, when said HOE is illuminated by the operated plane wave signal, 
im 1 1] It is the system with which the holographic data storage location memorized in the holographic storage 
edient is traced and searched, and is this system, 

rhe holographic optical element which memorizes the hologram of a HMS reference beam and it has inside (HOE), 
[Tie light source which generates the lightwave signal by which the collimation was carried out in general, and turns 
lightwave signal to said HOE, 

t is arranged between said light source and said HOE, and has the filter which operates said lightwave signal, 
y are holographic data storage location **** and the retrieval system characterized by what said HOE turns a 
lification reference beam to said holographic storage ingredient when said HOE is irradiated by said operated 
twave signal, and is projected. 
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^ ■? h v >7%zmt®<<tfavxm$t So 

[0014] 

20 c ^9§©n;fe©jiS!8 ] * n * * * » * latstmrt©* 

IB^^a^rffS fcabiC^ffc©* P if 9 A^gft-r s& 
(4fflfBK^fi{t; (PCM) T*S. ftffitB 
M^*^b«3KB^W=^5 7 1 9 6 9 1 ^«(CPI^3iT, 

TO*. 

[0 0 1 5] C©9MB»"Cffill.3tl.&. r*o^7^ 

n». ^§B«:*py-7A*iBi3i-rsc<i:34srirs^fc^ 

30 HS^h^y^-XtiaSttL i NbO s *§!!&<*:©£ 

[0 0 1 6 ] C<DWfflW-C<&m2tlZ>> tfrUifvy -f 
•^*?^(HOE) J ilOffi^li. *P^^7^ 
^yt'J^fA (HMS) rtr-^fflsti-s^t- 
A©— oX«a»©5l->P A^r^fC i^Tir S®Jt 
^ft^«8*-r-5. HOEB. ¥B?g[f-^ (-T^fe^. 
HOE #M fcf — A ) i^^s^ht-A (T^fc^. 
HMS#Mt'-A) iOFWDi'7 7 ^ ^ i'fBtiW** 

40 HOEB, *P^7A5rlB^-r-S©K:JI?aS^ceS 

©*t^e»^S-rSCi*ir#-2>. HOEJ&s^RSnS 
HMS#it-AH, HOE#M^-Ai[g|-©!|t 
i±*Wr-5>¥®jfi (T^ft-fe. SltaffiiSISn/c^e-^) 
*H O E CC(6jW -5 C i «C J: *) Wi$#S C i S. 

■sc HMstit;- A*^t-s#e^a«-r 

Stor. HOEB. ifc^P-fe-.'incflXoTttfcS 

-a*^p^7^ v ^^^y^^r-ArtKi^s-B-s 
so m^smtc-rs. 
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[0017] cwnmm-c&mztiz. rmtR&i so' 

5? (mm zim&v&m-?*>tc&K.®m2ftz&Mm 

cooi8]0i». mmm&wnt (pcm 
a vtfjJtvfxf-j* (hms> -cfiefflsn^f^* 

W&ifc^'P -fe »tl35 *^-r„ zfc^P -fe ifl 3 
5(2. ^BBi^ft-^ 1 0 5*^^bt-A{C^«!-r^„ ft 
^btr-At2HMSfll<D#J?Bfcr-A (-T^cto^. HMS 

KB, ¥Bv£©*fl 0 5 (-ffr*>%. u— tf^£<D=Jt- 

ix>ht*-A) imft&i^m-??-* i io (m a. ft 

i o «, mtf . ^ffl^-^cDiS^m^^a^^-r 20 
•scttcfcOfte-A i o 5%^F^t-r-5». fawtbr- 
AB, JfeSBSKf l^ftSf iou>xi 15 2-ciE 
if i«wejw«. kii©u>xi i5*iffiar^ 

«t. »1©U>X1 1 5 £4§;tT8iJ©K8l f lOM 
ic, ^fifflv^d/ 1 1 0©7-'jx^#*ftfiS-r 
•5. ^-/AxaB^-f;^ l 2 0 ifii - 'J x^&tfccffi 
(iS(cs:we>nr<,i-2.. v 4>\s* l 2 Ott- fl8#Jic. # 
* * i i o ifih zis&mmmsKD -xmft* ? 

Uvf?Z>. 4 >\<% 1 2 0£»iai/fcf&, w 

^btr-Ate. £/&l6«tf 2*WTS02©U>X1 2 30 

5*-c^i!tf 2tcttmm?&. %fmtx-j*itm2<Du 

>X1 2 5€rjijtL-, 55'J©S6Sttf 2 /cttfiSSU 

ffii 3 0«:fiM-r€>o i&W i 3 o(c*>t»r, f^-fbtr- 

A140 (fJ^Atftt^tlTUS) (2, *D^77o 
*y*yj/*?-A (HMS) (D#Rgtr-A <Ttt*>*5. 
HMS#flgfcr-A) il/t««#W4Ci^?,, 
[0019] ®M 1 3 OCD&gGCtf P^7 5>#JflW* 

A (fftfc*?, HMS#Jtgfcr-A©*py7A) (2*P 
i?57< v t>M& (i2RCJ13#I) npCCfStSSt^ 40 

[0 02 0 ] C©HJ«ffl«-Cfieffl3*lS r#lf-AJ S. 
CP r^-^y*>7 h fcf-Aj <tl,^fflfg(2. HOE?:M 
•TSfc&KftfflStl-Str-AS^P^^ ? 

ot. cnp.«ii*iEJS!iL-c^-r2.fc*, sate th 

OEj RO' THMSJ Sr-fWCEBlJ-rS. 
[002 1 1 82(2. &5m<<t& : b-fcW7 7 4 

t'mfAtffiffljni!*^^?^ •» ^^g^t 

(HOE) 2 5 0©4fiSX(2M?:Sf. S2I2 50 
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jgiS^e- KHOE 2 5 0©£(£&7jrr. (EF^AflStti* 
ftfc) HOEt^9 h t'-A24 0 (HMStlt 

-A-efc**) «. EitcwaL-r^L/rcfc^tc^ 

StlS. HOE*^ii'ht-A2 40!2. Jt=P^7 
^f2ttttl42 5 2KrSj*^T^g|D/cW, 

p-feytf-2 3 5*^ii^-r-5*>. X(2JgiJCD;#areBEfa<* 
HOE^i^ht-A240(I*a^7/ 

?*flBtttt&2 5 2 (caw u. -ec-c. hoe#m^- 

A2 6 0 <¥ffi««-3> ttm.?Z>* HOE#Mt'-A 
2 eOBHOE^ii' hfc*-A2 4 0 int-U> 
hr&£, HOE#J$tT-A2 6 0(2. 3feiEF.2 6 4tcJ: 

t>2££<*;h. c©36i*i6*o^77 4 v #%zmm2 

5 2 K-fa » 6tt. *fBttt*f4 2 5 2 Zffl. 

BML^rLX^Uif^y 4 v 9§ZWMH2 5 2I*J©bIt5£© 
figtHOEt^*i'htf-A2 4 0i^it4. H 
OE*7iS3.!7 |-br-A2 4 0<!:HOE#Mtr-A2 6 
0 tOW-C^Sn/cTpv^df-X*. *0^570 
*ffltfc**f42 5 2rtt*D?7Ai L/rlBMi3*T,^ 0 fit 
-j-r. *n^7^ 3> ^iBt£Wt42 5 2«, rtSPtcfBlS 
jn/i:HOEt^ii'H^-A240 ("r^t>^, H 
MS#flge--A) ©*ny7A5:*1-5*a^-7^ i» 
i'^^S^ (HOE) 2 5 0««i3n5. 
[002 2] HOE#R8f-A2 6 OVmmU&MW 

«:w^njt6^-ecDflfe<Dt-A-e*-5)„ hoe^*^ 

htr-A2 4 0SOHOE#M^-A2 6 0 (*— «SW 

[0023] ^P^^7 h y ^I21SW^2 5 2«Sfil^ 
AX(J(*S*P^^ACDMn^*IBliL. Iel»? : &* 

2 5 2(2. *NUi?Xh, ^RfMttM 

7 ^ d7fBtttt*42 5 2(2— t&mic. WLtoW-WVXDm 1 
©I2 6 5i, WaJfffitt©. *tfaf 2 2 7 0 
*MtZ>* *uif?y 4? ^IBtf.W*4 2 5 2 
BttT'*-2.*\ X(2. 1 cm^/c9S**a2ieS©3(c«:M 

[0 0 24] 03(2, *^BjtC«fc.2,*P^^7 ^ •^i'^ 
^r'J^T-A-C^fflStl^JSW*- FrhP ^ ^ 
^SJR (HOE) 350 ©4(iS;X(2^fiX«:7n'r . S 3 
K:m?ti/cHOE 3 5 0(2. 02{Cm3tx, tuiBtCgiBa 
L.fcjg®*-FHOE2 5 0<!:^!5:S^*W-ri>. K 
K«fSW«:(2, HOE tT— A 3 6 0 (2 ( bT— A B ) 
52^iS3 6 AiPh^^tl. rhP -f ^ ^fB^ttif4 

3 5 2<D^2©E«:ra]W6*i. i'lBtf.W 
*43 5 2rt©0r^©{4Mr'HOE^-^^x^ f fcf-A 

(tr-AA) t^MTS. *liS3n/cT^^->». 
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*P^7 a y »etf$m3 5 2WH0E*^*^ 

HOEt^x^ht^A3 4 0(DHOE3 5 0A^ 
7&&3*l£o WM*- FHOE 3 5 O^CD^SS^ 
— FHOE250 <bft&£o JKS^- FHOE 3 5 0» 
*aif5 7 4 ^IBttftfft3 5 2©S#EKftW6n/c 
b-A4ffll^M3nS^ }§ifi^-FHOE2 5 0 

[0 02 5 ] jtjfi-t- F&O'JK&Mfc- F*P^:7^ * 
^^S* (HOE) (DWXtb, &WAUC±*)Wt¥ 
gift^CC HO E ^^S>x^ h tr-A^rStS-r* C 

IttJia* (fllittf. 1 mm) »£\ «£fc£>HOE*^x 
V>*9 Fb'~A^£^b3tf##&, HOE#flgb- 

[0 0 2 6] 14ASi>14B«, ^BJK: J: D «l/t£3 

n/t*p^? ^ * *y*y^fA (hms) 500 

OE) 5 5 0 • HOE 5 5 03^6»©HOE*^ 
x^hh?-A540 (l^-AA) ?:»ft-r5/cfeiC, H 
OE 5 5 0Sr4^-r-5fc«)W:ffiffl3tl/c#Igtr-Ara— 
Xl3SHHO#JHtr- A 5 6 0 #3fc«5 6 4 *>6»£3 
ft, HOE 5 5 0tC|Sl»6tl, HOE 5 5 OfcJSHTr 
£<> M^©!&teHOE 5 5 0*>£j^^£b~AB, H 
OE*^x^ htf-A540 (tf-AA) ©W^"C* 
*. Cfttt, HOE5 5 0*ftfi8T*fc8E>«:*O^7 

* * *iB«tms 5 2^*ai«3fts*:/^x* ht- 

-ATN&9, HMS#JHfcT-A*S*r. HOE 5 5 OK 
SE*T*#M8tr-A5 6 0©rt§RCf*lSl», 4>&<<t:fc 
SB^WtC. *P^? * ^^S^5 5 0 
H2ecSKSti, IWErtt!BStifcJ:9«l6*WR> ©£ 

-fe^lfS 3 5 (H2#«R) P*9CD^2CDU>X5 2 5 t* 

ay^? -* 9»enttm2 5 2 i<Drao^siDccjc&Dr 

[0 0 2 7 ] |3 4AK:iS3ft£J:5tC, HOE5504 
j|K4'OEIKD^2CDU>XOj|kj^ElBf 2 (I2# 
JS) HOE*^x?H^-A540©# 
15 75 («F#P*sf*Stir^4) ttHOE 5 5 0*« 
KM^n^o C©<fc5«ril-&. HOE5 5 0H H 
OE 5 5 0 StoSr Sfc«>«:«ffl3nfc«^iRI««:, 
#M^A5 6 OZfflCm (■*"#*>£. 15 65) $CfSj 
»SC4CCcfc»JIRWSnS. *©flt #5§t'-A5 6 0 
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tHOE 5 5 0 4©ffiSf^fflCCcfcOHOE4-^x^ h 
b*-A5 4 0#W£3ft, HOE5 5 0^t, HO 
E*^x^fb*-A5 4 0O«S5 7 5 <Xtt0f»D 

• fife©®) 

[0 02 8] H4B&C7js3ft*J:3K:, HOE5 504 
*4 , Offi«ID*s*2©U>X<D«[^aB(ltf 2 (02# 
. JR) J:0^ftC4K^. HOEt^y** Ftf-A5 4 
, 0cD«ffi5 7 5 (^P^ftStltl^) BHOE5 5 

10 *«5 6 3*6I^Stlfc#JH^-A5 6 2CCtt^«K 
fcflttBU H2CDB. r«c*>%. HOE5 5 0*W 
*te»CC^S*l*fc«>OtBI1ittS«iB*6/-HOE 5 
5 0WJt4o HOE#flgbT-A5 4 2 (Dffi^^ 
(lWA*#flShW5) tt % ♦HRtf-A5 6 2<Dtt 
^ftSt H O E 5 5 0 iOfflS^itCi 0 S£S ti, H 
OE 5 5 OCD^ttXttjEffifc* HOE*:f5?* * htf- 

A5 4 2©«^«!9: (iWA*wt8*it^«) <omm 

Ol5 7 5»^Sn5 0 1 

[ 0 0 2 9 ] S 4 A&tfS 4 B &C^3 ftfcflf2r<D3U68§ 
20 itC^t, *d«7^ ^^^y^fA5 00 

SS^D^ry^'J^l' (HMO 5 8 03r*T 
T£o HMC 5 8 0(t C<D4nciBl£3ft&ffig<D*P 

7 5«ICilL<TlBg3ft£c tfn^? -f y Zf—Z 

ZtitcTUjtLr. HMC5 8 0F^CfBtf3ft£ o « 

30 iBfS2Bgtt£j3 0 0 F/Mm^fti, 
[00301 S5 AS^'05 B tt. #»BlC «fc 9 
ft/c*P£^:7 » ^^-t^>XfA6 0 0<7>— 
LTCD, JKW^e-F**^? -i (HO 
E) 6 5 05r^-Tc HOE *7V>*# h tf-A6 4 0 
(b'-AA) tt, 3fe^6 6 4^6<DI?^#flSfc'^A6 6 
O^rHOE 6 5 OtCfaWTJHJWU HOE6 5 0OTJ 

-r^c4tCctow^3n^> 0 hoe 6 5 occ*t-r^s^ 

#JSt'-A6 6 0 (b'-AB) (Dfo&J&tfftmX. 'PK 
<4fegB^WiC. HOE6 5 0<D^*OD5fl2(DU>X 

40 CDtt^EtBf 2JcJt^r, **^a-fe^*8 3 5CDIH2 
(Dl/>X6 2 5 («Atf, i3#l) i*a^7Y7 
^fB««*46 5 2 t©n©IBItDecj£CrSEfb-r 
[0 0 3 1 ] ^5 ACCTn^n-Si^tC, HOE65O0 
ifi£*(D^ jg D 2 CD U > X(D^^8I f 2 *®©1S 
£\ HOEt^x^H^-A6 4 0(D§I6 7 5 (^ 
#P*s*f3hrC**) BHOE6 5 O£S*T0j£3*l 
6 0 C<Dcfc^&^. HOE6 5 0B, #Rgtf-A6 6 
0£l?r2CD®6 7 0 CC^)^^, C 4 (Ci 0M^3tl^> o * 
(DSL l»fiB«:ttf»lyfc<DtlSI«tc. HOE^x^F 

50 b-A6 4 0(i#ib-A6 6 04HOE650 4C0tS 
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S^ffltCfcOW^Sn. HOE 6 5 0£*g;L/dig{t. 
HOEt^i^ h fcT—A 6 4 0 ©MS 6 7 5 (X«^f 
M©ffe©ffi) 

[003 2 3 05Btor:3*i5J:5fc:> HOE650© 
£j$t£©^D*^2©U>X©£l6K8tf 2 

HOE^T'y^^ h fc?-A 6 4 2 ©ffi-^ft® 

(?S#A*7W;*ttTl,>£) ©«E6 7 5 (ft*f P#tt 
3nw4) Wai'??^^*^! (HOE) 6 

5 (XDjEmxit&mcftmztiZo to* stems, h 

OE650B, 7^6 6 3*P62££3ftfc#Hat-A6 10 
6 2<Dffi^«t9:KJ: , 3MBJ3nS. #Jlt~A6 6 2© 
ffi^Stt. HOE8 5 0**«afr63k»«:«W3ftfc 
fc©£i5*f(iliJ©l8l ©EB6 6 5*>6HOE 6 5 0 3rfl8 B J 
T-S. HOEt^*i'H^-^6 4 2©S^M (ft 

©£HOE6 5 OiOtBEfEWCJ^I^Sft. HOE 
6 5 0©#mfXttIEffi&e t HOE^**H^-A6 

4 2©jg#ft& (t#A*W3nri,^) ©&ffi6 7 

5 Xii-e©^©^©®* J&J&t' £. 

[0 03 3 ] 05A Ryl 5 B K. tf£ tl/cM^O^Jfiffi 20 

S5<r.py57o^^'J^(HMC) 6 8 0** 

^©laticsft-stfa^? •< -7 ^-^©^©ra© 

K.mi&2tlft.Tls-l t l/T. HMC6 8 0F»9«:BBtf.3tl 
[0 034] 04A, 04B, 05 AR^0 5 Bti. — 

^asr^-r &©-?&-*>. ^cH6*#M-rs. *^bjcc 
j^fBtgsft/c^P^? ^ y ?7 : -#©p-!r-^3> 

y->XfA7 0 0«, 3Eflt^O*»*7 3 5£*T£., 

^s&d-sf 1 o 5«c©7'D-fe v -tJ-£ji®u -e-ur, 

C©^p -b v V1j>hVFMl*7*J x * htr- Aijimit? 
*7V>3. V V fc*- A 7 4 0 «frM©f2tS3nfc*a 40 

4 0 «. «ifc©# 4 -J SrIBtiT & C i 

#"C#. RffM©^a^77 ^ ? *r-££^i?. 

5*P^77^-^^* i ;-feJl' (HMC) 7 80(CIqjW 
¥®&i!S7 6 4l*®teVimZtltc¥ffi$imm 

6 5£fl£U ¥ffi»^7 6 5£HOE7 5 0{C(«IW 
&„ HOE7 5 0B, t'O^^^^y^'Ji/Xf A 

(HMS) #fiS^-A7 6 0O*O^ 5A£$t?„ HO 
E 7 5 0 tcfiM-TS 7 6 5 «. 7 -f JU 50 
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27 9 0{cj:0itft;*ft. *©*§*. mftzntcwwwi 
mm 6 5' bhoe7 5o»m4. rap©***?! 

tCfclvC. 7^;U$7 9O«0f^©ff^*W-rS@5eX 

mwm. tfmm. mi (-r&t>*3. h) > 
x«**±ffis©-9- w xx«jf^© i©-C*SCi*st 
(11, ffi£©1MXX«iei*©fc©«. -£©P§P 

#«£fi-*i7 6 bz&Mo. -e©*£^ ts»f^¥ffi^ 

^#765' HOE 7 5 0££ja-r5©&c£gffl$:h 
7c¥®»5f 2 6 0 . 36 0 (mtf. E2SO-03# 
M) £S&£ (Tttfct. *>©£&*>& 
W*ltf&6ttl». 7^l-?790li, ¥Ei6fg#7 6 5 

^^lifjivfij^?:^*^. (t#7 6 5 (D^t&m&n^m 

[0 03 5] HOE 7 5 O^KTC^iB^Snrt^T*- 

Hlt7->) ^&#tux%mztiz. ftoT, HOE 
OE#Mfc'-A) (Offlmk^t hJVt. ffli&8tfffi&ifi 

hoe 7 5 ortcc£rae*j{ciei§i3nsc££©raccttii8 

jltt^fffi-T-S. ftoT. HOE 7 5 0*SHOE#JBf 
- A a 7 r -f WT S¥ffliftfi-*«: J: 

OflBEStlSil^. #Mt-A©gft£IBti.*^f hJV 
^Wl^tl, ^tt, ^|g#Mtf-A7 6 0' **H 
OE7 5 0Kj:?)4s!t?n4. ^Jg#flStf-A7 6 0' 
Ji. HOE 7 5 0fc*P^A£&1fliclBI§lTS7cit>«: 

7 6 0' -Hinc^^itIjM!R14 (mtf. 07B# 
BfO £. 7C©#Mtr-A<i;|l]Df-i/^Afii (^IAtf, 

07 A&m) zm-rz, 

[0036] *§mi*. *B^77 •< ?^ j t , ;^f 
A©jllRte©*a ; 5rKlf-5C<!:K:J:0. ^a^oi' 
'j-fe;UrtSciBt£.3ftfc«8t©*a a -j 9?- 

a *> h m miffi&mft * i«*-r & tc #rs t- - a ©— sp 

&*:W<*1&?7 ifrZTQ 0*aL-ThT-A*ffi|n|rS 

C£«:«J:«9*lJiSl$nio -7^Jb^7 9 0W. 

7 6 5£SWU ^tlK:«fc*3. ^K¥®iS(l#7 6 5' 

©^ca^iB^itiKitA^n^ (esj^ii. i7Asy ; i 
g«^©^s$s^f^!&*^. s^sns. «tr, «f«© 

t>n^77 ■< v ^^-^©(ig^^^ihfe-Sfci*^^ 

jfe^+f (^riigsc;x+t>o^f^M 

ISIS) ti^lIJcfiTSn^. ^-©IS*, *oy5^ 

^^-^{i— @ffla«:^©fis*^t±»e>n. 

[0 03 7] y < )W><Dmn<Dfc&. (?*t>*>. v-<x 
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tJf/Xtt*y ht^StiSo **?Stt*/c, ^-y^** 
j&ST -6 * tr- a coifiS* if* 3 it S <fc 5 ? * to % *> 

[0 03 8 ] *fc % — *WWc % H7A«:*Sti*J:9 10 
ic v «^#Jfctf~ACC<fc£*py^A©E»»PCM* 

#J3 0 0 * + *)V\Zv h/jxm'tt) ftffifB 
M&Mit (PCM) *py^7 -f-CCiO pjfcgr$>£ e 
fllfcB. #JHtf-A±Etft*P^7 * * *f*-*£© 

»4t-^ffittHMCflfliCDBB»i0r. Ett*Pi^ 

[0 03 9] 811*0^77-/ y ^-^Olfc^fclttft 

q#p 4/^:7-* v^f*---**iWSflE*c«BI8"i«fc*oy_ 

Stit*ofc. #«tefcc±cc, *»wcc<fcti« % #p 

3W. c<D*§^ #Batr-AB«rErBHB«:tftWl/teJ: 
c 4 K: J: 0. -Tfctofc. W*tf, raP£SfD5& 

So 

[0 040] 

ncc^OEWStiife^ciy^^ -r Bffi2 

[an *H*m#*flWft*^x * Ht-^jcsajw 

[02] ffiffi*HIW^Sffc*P^? * -y^^^y^f* 
[0 3] titBtBI»*fiffc*P^? -f 5F*-rf*y^x? 50 
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[04] *JWKA 0«SS3hfettfi«l!IIMft*P y 

(A>tt, H0E5 5 0^«*OI®IID«s»2OU>X 
OMUOEII f 2 *«(D*g^(DGgffitfclj£^ U . ( B ) 
tt, HOE 5 5 0^*CD^BID^2CDU>X(Oj^ 
S&iSt f 2 J: 0 *>*#C»*B^O«ffltt»<:m , r. 

[05] *JM(ciO«*3hfcfiBiW^»t*py 

(A)«, HOE 6 5 0^tfKD^BtD^2CDU>X 
OftjOEM f 2 *»©*i^O«ffltt« U ( B ) 
« v H O E 6 5 0 £j£*£>ffigt D 2 <D U >X<D£u£ 
SBB f 2 J: D t**»^ottffltt«**-r • 

[06] $^«0W3n/c*n^7^ 

[07 ] *u^:7 ^ 9 *y*y ^x^ACDSiRttK^ 
co^tt0-c$> t) % (A) ttO*S«a>*p y ^ ^ -f ^ * 
y £/^^oBR«ftomfflr» o , ( B ) '» 
*»^5cj:0«flt3nfc*p^^-{ 

i o s w-m&mn 

1 1 o #lvx^ 

i i s mi<ois>x 

1 2 0 ^ 
125 m2<DU>X 
130 fi^ffl 

135 jfe*:/P-fe?!f 

140 flWkl^-A 

2 3 5, 3 3 5 *?yp-fe?t 
24 0, 340 ^"T'^x^hfcf-A 

2 5 0, 3 50 #P*^:7-f (HOE > 

252, 352 *n^7r; ^IBttW^ 

2 6 0. 3 60 #It'-A 

2 6 4, 3 6 4 #flgf-AiE 
265, 365 SIOI 

3 6 5, 3 7 0 ^2 Offi 

5 4 0. 54 2 X'lV'x. >? h 

55 0 *P^^^-f »*3B*R* (HOE) 

5 5 2 *P ^7 ^ ^EttW» 
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1 , Title o f 1 o t e o t i t n 

System Aid -Method Fcr Ccnticliing The Selectivity Of A Hclcgrapfcic Mtra 

cry System 

2. Claims 

l. A phase correlation multiplexing (PCM) holographic memory system 
(HMS), said system comprising: 

a holographic memory cell (HMC) having holographic data stored 

5 therein; 

a holographic optical element (HOE) having stored therein a hologram of 
a HMS reference beam having a predetermined frequency spectrum, 

an object beam source for generating an object beam and for directing 
said object beam toward said holographic memory cell; 

10 a plane wave source for generating a plane wave signal and tor directing 

said plane wave signal toward said HOE; and 

a filter, located between said plane wave source and said HOE, tor 
manipulating said plane wave signal, wherein, upon illumination of said HOE by said 
manipulated plane wave signal, said HOE projects a modified HMS reference beam 
IS toward said holographic memory cell 

2. The system of daim 1, wherein said filter obscures a part of said plane 
wave signal 

3. The system of claim 2, wherein said filter removes high-frequency 
components of said plane wave signal. 

20 4. The system of claim 2, wherein said filter comprises a fixed area aperture 

through which said plane wave signal is directed. 



5. The system of claim 2, wherein said filter comprises a variable area 
aperture through which said plane wave signal is directed. 
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6. 



The system of claim t, wherein said object beam source comprises: 



a laser, and 



an optical processor through which said laser is directed and from which 



said object beam emerges. 



5 



7. 



The system of claim 1, wherein said HOE is a transmission-mode HOE. 



8. The system of claim 1 , wherein said HOE is a reflection-mode HOE. 

9. A method of controlling the selectivity of a holographic memory system 

(HMS) including a holographic memory cell (HMC) having holographic data stored 
therein, a holographic optical element (HOE) having a hologram of a HMS reference 

10 beam stored therein, an object beam source for generating an object beam and for 
directing the object beam toward the holographic memory cell, a plane wave source for 
generating a plane wave signal and for directing the plane wave signal toward the HOE, 
said method comprising the step of manipulating the plane wave signal so that the HOE 
projects a modified HMS reference beam toward the holographic memory cell upon 

1 5 illumination of the HOE by the manipulated plane wave signal. 

10. The method of claim 9, wherein said method comprises the step of 
obscuring a part of the plane wave signal. 

11. The method of claim 9, wherein said method comprises the step of 
removing a high-frequency component of the plane wave signal. 

20 12. The method of claim 9, wherein said method comprises the step of 

directing the plane wave signal through a fixed area aperture. 



13. The method of claim 9, wherein said method comprises the step of 
directing the plane wave signal through a variable area aperture. 
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14. A method of locating a holographic data stored in a holographic storage 
material having a plurality of holographic data stored therein and used in a holographic: 
memory system (HMS) including a holographic optical element (HOE) having stored 
therein a hologram of a HMS reference beam, said method comprising the steps of: 

5 (a) directing an object beam toward the holographic storage materiaj., 

and 

(b) manipulating a plane wave signal directed toward the HOE so 
that, upon illumination of the HOE by the manipulated plane wave signal, the HO£ 
projects a modified HMS reference beam toward the holographic storage material. 

10 15. The method of daim 1 4, wherein said step (b) comprises obscuring a pajrt 

of the plane wave signal. 

16. The method of claim 14, wherein said step (b) comprises removing high- 
frequency components of Che plane wave signal. 

17. The method of claim 14, wherein said step (b) comprises directing tkxe 
1 5 plane wave signal through a fixed area aperture. 

18. The method of daim 14, wherein said step (b) comprises directing tfcue 
plane wave signal through a variable area aperture. 

19. A system for locating and retrieving holographic data stored in a 
holographic storage material, said system comprising: 

20 a holographic optical element (HOE) having stored therein a hologram of 

reference beam; 

a light source for generating a generally coQimated light signal and for 
directing said light signal toward said HOE; and 



ftH 2001-60394 



Wilson 17 19 

a filter, located between said plane wave source and said HOE, for 
manipulating said light signal, wherein, upon illumination of said HOE by said 
manipulated light signal, said HOE projects a modified reference beam toward said 
holographic storage material. 

5 20. The system of claim 19, wherein said filter obscures a part of said light 

signal. 

21. The system of claim 20, wherein said filter removes high-frequency 
components of said light signal 

22. The system of claim 20, wherein said filter comprises a fixed area 
10 aperture through which said light signal is directed. 

23. The system of daim 20, wherein said filter comprises a variable area 
aperture through which said light signal is directed. 

3. Detailed Description of Invention 

Fiejd Of The Invention 

The invention relates to holographic memory systems and, more particularly, to a 
5 system and method for controlling the selectivity of a holographic memory system 

BaefcgaaBfl Of Invention 

Holographic memory or storage systems involve the three-dimensional storage of 
holographic representations of data elements (i.e.. holograms) as a pattern of varying 
refractive index and/or absorption imprinted in the volume of a storage medium such as a 
10 crystal of tithium mobate. Holographic memory systems (HMS) are characterized by 
their high density storage potential and the potential speed with which the stored data is 
randomly accessed and transferred. 

In general, holographic memory systems operate by conibining a data encoded 
object beam with a phase coherent reference beam to create an interference pattern 

1 5 throughout a photosensitive storage medium such as a holographic memory cell (HMC). 
The interference pattern induces material alterations in the HMC that record a hologram. 
The response of the hologram in the storage medium is a function of the relative 
amplitudes and polarization states of; and phase deferences between, the object beam 
and the reference beam. It is also highly dependent on the incident beam's wavelengths 

20 and angles at which the object beam and the reference beam are projected into the 
storage medium 

Holographically stored data is reconstructed by projecting a reference beam 
similar to the reference beam used in storing the data into the HMC at the same angle, 
wavelength, phase and position used to produce the hologram. The hologram and the 
25 reference beam interact to reconstruct the stored object beam (Le., the data). The 
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reconstructed object beam may then be detected, e.g., using a photodetector array. The 
recovered data may then be post-processed for delivery to output devices. 

Typically, the dynamic range of the holographic storage medium is larger than 
what is needed to store a single hologram with an acceptable signal-to-noise ratio. 
5 Therefore, it is desirable to multiplex a number of holograms at one location in the 
storage medium to achieve greater storage density. One multiplexing technique is phase 
correlation multiplexing (PCM), in which correlation selectivity and Bragg selectivity are 
used for differentiating overlapping holograms within a storage medium. Correlation 
selectivity relies on the differences in amplitude, phase and angle content of the reference 
10 beam produced by the relative shift (in any direction) of the storage medium with respect 
to its reference beam. 

However, multiplexing schemes such as PCM require relatively complex 
reference beams whose formation involve complicated phase masks, high quality lenses, 
and Fourier plane spatial filtering. Unfortunately, the phase masks are delicate in 

15 structure, the lenses are expensive and bulky, and the necessary Fourier plane spatial 
filters block much of the incoming optical energy, greatly increasing the system's power 
budget. Also, for PCM holographic memory systems, the alignment of these elements is 
critical down to the nricron (um) level and typically needs to be consistent from system 
to system. The level of such consistency is often difficult if not impossible to achieve 

20 using conventional components and techniques. A holographic optical element (HOE) 
can be used to generate or reconstruct a reference beam for the holographic memory 
system. The HOE thus provides a relatively inexpensive, simple and reproducibly 
consistent replacement for one or more of the optical dements typically required to 
reproduce a reference beam in a HMS. An exemplary HOE is disclosed in application 

25 Serial No. 08/968,024, the entire disclosure of which is incorporated herein by reference. 

When using PCM or other correlation selectivity techniques within holographic 
storage systems, the resulting information stored in the HMC is characterized by 
relatively high resolution and thus high selectivity. While high resolution and high 
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selectivity are desirable, and even necessary, for high-density recording of holograms in 
the HMC, retrieving restored holographic data also requires high resolution and high 
selectivity techniques and devices. 

Therefore, it is desirable to increase the width of the selectivity function of the 
5 stored hologram to thereby provide the ability to search for and retrieve stored 
holographic data more quickly. 

The present invention provides a system and method for controlling the 
selectivity function in a holographic memory system that permits more rapid location and 
10 retrieval of holographically stored data. In accordance with the present invention, a 
reference beam is directed through a filter such as, for example, an aperture, to 
bandwidth limit the beam before the beam illuminates a holographic optical element 
having stored therein a hologram of a reference beam. 

The present invention provides a phase correlation multiplexing (PCM) 
15 holographic memory system (HMS) that includes a holographic memory cell (HMC) 
having holographic data stored therein. The PCM holographic memory system also 
includes a holographic optica) element (HOE) having stored therein a hologram of a 
HMS reference beam having a predetennined frequency spectrum. An object beam 
source is provided for generating an object beam and for directing the object beam 
20 toward the holographic memory cell. A plane wave source is also provided for 
generating a plane wave signal and for directing the plane wave signal toward the HOE. 
The PCM holographic memory system also includes a filter, located between the plane 
wave source and the HOE, for manipulating the plane wave optical field. Upon 
illumination of the HOE by the manipulated plane wave signal the HOE projects a 
25 modified HMS reference beam toward the holographic memory ceB. 

The present invention is also directed to a method of controlling the selectivity of 
a holographic memory system (HMS) including a holographic memory cell (HMC) 



(20) 



45M 2001-60394 



Wilson 17 4 
having holographic data stored therein. The HMS also includes a holographic optical 
element (HOE) having a hologram of a HMS reference beam stored therein, an object 
beam source for generating an object beam and for directing the object beam toward the 
holographic memory cell, and a plane wave source for generating a plane wave signal 
5 and for directing the plane wave signal toward the HOE. The method comprises the step 
of manipulating the plane wave signal so that the HOE projects a modified HMS 
reference beam toward the holographic memory cell upon Wumination of the HOE by the 
manipulated plane wave signal. 

The present invention is further directed to a method of locating a holographic 
10 data stored in a holographic storage material having a plurality of holographic data 
stored therein and used in a holographic memory system (HMS) including a holographic 
optical element (HOE) having stored therein a hologram of a HMS reference beam The 
method of this embodiment comprises directing an object beam toward the holographic 
storage material. The method further comprises manipulating a plane wave signal 
15 directed toward the HOE so that, upon Rumination of the HOE by the manipulated 
plane wave signal, the HOE projects a modified HMS reference beam toward the 
holographic storage material. 

The present invention is also directed to a system for locating and retrieving 
holographic data stored in a holographic storage material. The system of this 

20 embodiment includes a holographic optical element (HOE) having stored therein a 
hologram of reference beam. The system further includes a light source for generating a 
generally colErnated light signal and for directing the light signal toward the HOE. The 
system also includes a filter, located between the light source and the HOE, for 
manipulating the light signal. Upon Uhiimnation of the HOE by the manipulated light 

25 signal, the HOE projects a modified reference beam toward the holographic storage 
material 

Other objects and features of the present invention will become apparent from the 
following detailed description, considered in conjunction with the accompanying drawing 



001-60394 



Wilson 17 5 
figures. It is to be understood, however, that the drawings, which are not to scale, are 
designed solely for the purpose of illustration and not as a definition of the limits of the 
invention, for which reference should be made to the appended claims. 

Brirf Description Of The Drawings 

5 In the drawing figures, which are not to scale, and which are merely illustrative, 

and wherein Kke reference characters denote similar elements throughout the several 
views: 

FIG. 1 is a schematic diagram of an optical processor for transforming a plane 
wave signal into an encoded object signal; 

10 FIG. 2 is a schematic diagram of the generation of a transmission-mode 

holographic optical element for a phase correlation multiplexing holographic memory 
system; 

FIG. 3 is a schematic diagram of the generation of a reflection-mode holographic 
optical element for a phase correlation multiplexing holographic memory system; 

] 5 FIGS. 4A-B are schematic diagrams of the use of the holographic optical element 

of FIG. 2 in a phase correlation multiplexing holographic memory system constructed in 
accordance with the present invention; 

FIGS. 5A-B are schematic diagrams of the use of the holographic optical element 
of FIG. 3 in a phase correlation multiplexing holographic memory system constructed in 
20 accordance with the present invention; 

FIG. 6 is a schematic diagram of a holographic memory system constructed in 
accordance with the present invention; 

FIG. 7 A is a graphical representation of the selectivity function of a prior art 
holographic memory system; and 
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FIG. 7B is a graphical representation of the selectivity function of a holographic 
memory system constructed in accordance with the present invention. 

Btiail£i| n«*rrintion Of The Present* Preferred Embodiment 

One technique for multiplexing a number of holograms to achieve greater storage 
5 density in a holographic storage material is phase correlation multiplexing (PCM). Phase 
correlation multiplexing is disclosed in U.S. Patent No. 5,719,691, the entire disclosure 
of which is incorporated herein by reference. 

As used herein, the term "holographic medium" and "holographic storage 
material" refer to the actmic material within which a hologram may be recorded. It may 
10 take a variety of forms, such as, for example, a film containing dispersed silver halide 
particles, an aery late-based photopolymer, or a free-standing LiNbCb crystal. 

As used herein, the term "holographic optical element" (HOE) refers to a 
detractive optic that may represent one or a plurality of holograms of a reference beam 
used in the holographic memory system (HMS). A HOE is created, generated, formed, 

15 etc by the interference in the holographic material between a plane wave signal (i.e., a 
HOE reference beam) and an object beam (i.e., a HMS reference beam). The HOE can 
be constructed of any material suitable for recording a hologram. Once an HOE is 
created, the HMS reference beam may be reconstructed by directing a plane wave (i.e., 
generally collimated light signal) having the same characteristics as the HOE reference 

20 beam upon the HOE. The reconstructed reference beam thus provides a means for 
generating the HMS reference beam without requiring an optical processor. Thus, the 
HOE provides a single optical element for generating a reference beam that replaces the 
optical processor, and simplifies how a reference beam is created in a holographic 
memory system. 

25 As used herein, the term ,, selectivity ,, and "selectivity function" refer to the ability 

of a holographic memory system (or other system for recording and/or retrieving 
holographic inrormation) to ditTerentiate between a plurality of holographic information 



(23) 



2001-60394 



WUson 17 7 

stored in a holographic storage material. The selectivity of a holographic memory 
system may depend; at least in part, on the bandwidth of a reference signal used to 
record and retrieve holographic information. 

Referring now to FIG. I, a typical optical processor 135 for use in a phase 
5 correlation multiplexing (PCM) holographic memory system (HMS) is shown. The 
optical processor 135 converts a plane wave, signal 105 to an encoded beam that may be 
used as a reference beam for the HMS (i.e., an HMS reference beam). More specifically, 
a plane wave signal 105 (ie , coherent beam of laser light) illuminates a highly structured 
reference mask 1 10 (e.g., a phase mask and/or an amplitude mask) that encodes light 

10 beam 105, e.g., by inducing a high space bandwidth product on the plane wave signal. 
The encoded beam propagates a distance/^ to a first lens 115, which has a focal length 
Jl. Passing through first lens 115 produces the Fourier transform of reference phase 
mask 110 at another distance fl beyond first lens 1 1 5. A high-pass spatial filter 120 is 
provided at the plane of the Fourier transform. Filter 120 typically blocks much of the 

15 lower spatial frequencies emanating from reference mask 110. After passing through 
high-pass filter 120, the encoded beam propagates a distance fl to a second lens 125, 
which has a focal length J2. The encoded beam passes through second lens 125 and 
propagates another distance fl to reach its image plane 1 30. At the image plane 130, the 
encoded beam 140 (labeled A) may be characterized as a reference beam for the 
20 holographic memory system (HMS), i.e., a HMS reference beam. 

By locating a holographic medium at image plane 130, a hologram of the 
encoded beam 140 (Le., a hologram of the HMS reference beam) can be stored in the 
holographic medium (see, e.g., FIGS. 2 and 3). 

The terras "reference beam" and "object beam" are used herein to refer to the 
25 beams used in generating a HOE, and to the beams used in the holographic memory 
system. As such, the different uses of these terms herein win be distinguished by using 
"HOE* and "HMS", as appropriate. 



(24) 



ftffi 2001-60394 



Wilson 17 8 

Referring now to FIG. 2, the generation or formation of a holographic optical 
element (HOE) 2S0 for use in a holographic memory system in accordance with the 
present invention is there depicted. In particular, FIG. 2 depicts the generation of a 
transmission-mode HOE 250. The HOE object beam 240 (labeled AX which is also the 
5 HMS reference beam, is generated as described above with respect to FIG. 1 . The HOE 
object beam 240 propagates or is otherwise directed from toe optical processor 235 a 
distance D toward a holographic storage material 252. The HOE object beam 240 
impinges upon a holographic storage material 252, where it intersects with a HOE 
reference beam 260 (a plane wave signal), which is coherent with the HOE object beam 

10 240. The HOE reference beam 260 is generated by a source 264 and is directed 
therefrom toward the holographic storage material 252 to illuminate the holographic 
storage material 252 and intersect with the HOE object beam 240 at a predetermined 
location within the material 252. The resulting interference pattern between the HOE 
object beam 240 and HOE reference beam 260 is captured as a hologram within the 

1 5 holographic storage material 252, thus transforming the material 252 into a holographic 
optical element (HOE) 250 having stored therein a hologram of the HOE object beam 
240 (i.e., the HMS reference beam). 

The HOE reference beam 260 may be any suitable beam, but typically is a plane 
wave or other beam that is easily reproducible. The HOE object beam 240 and the HOE 
20 reference beam 260 typically are generated by coherent light from the same or similar 
laser source, as is known to persons skilled in the art of holography. 

Holographic storage material 252 may be any suitable material or configuration 
or arrangement of materials that is capable of recording either surface or volume 
holograms or creating diffracted optics. For example, holographic storage material 252 
25 may be a photopolymer, a photoresist, a thermoplastic material, a photorefractive 
material or a photochromatic material. Holographic storage material 252 has a generally 
planar first surface 265 and a generally planar, opposing second surface 270. The 
material 252 is sufficiently planar or reproducible to approximately two wavelengths of 
light per centimeter. 
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Referring next to FIG. 3, the generation or formation of a reflection-mode 
holographic optica] element (HOE) 350 for use in a holographic memory system in 
accordance with the present invention is there depicted. The HOE 350 depicted in FIG. 
3 has a different geometry than the transmission-mode HOE 250 depicted in FIG. 2 and 
5 discussed hereinabove. More specifically, ' a HOE reference beam 360 (beam B) is 
generated from a source 364 and is directed toward a second surface 370 of holographic 
storage material 352 to intersect with the HOE object beam 340 (beam A) at a 
predetermined location within holographic storage material 352. The resulting 
interference pattern is captured as a hologram of the HOE object beam 340 within 

10 holographic storage material 352, thus forming a HOE 350 of the HOE object beam 340. 
The reflection-mode HOE 350 differs from me timsmission-mode HOE 250 in that, 
inter alia, the reflection-mode HOE 350 is generated using beams directed at opposing 
surfaces of the holographic storage material 352 while the rxansrnission-rnode HOE 250 
is generated using beams directed at the same surface of the holographic storage material 

15 252. 

Both transmission-mode and reflection- mode holographic optical elements 
(HOE) are capable of storing multiple HOE object beams therein via multiplexing. For 
example, if the holographic storage material is relatively thick, e.g., I millimeter, multiple 
HOE object beams may be multiplexed in the material to form a HOE of multiple object 
20 beams. Multiplexing of the multiple object beams may be accomplished by changing the 
angle; wavelength or position of the HOE reference beam while changing the object 
beam characteristics Changes in the object beam characteristics may include the use of a 
different mask, filter or tens combination, for example. 

Referring now to FIGS. 4A-B» a transmission-mode holographic optical clement 
25 (HOE) 550 is shown in use in a holographic memory system (WAS) 500 constructed in 
accordance with the present invention. To reconstruct the HOE object beam 540 (beam 
A) from the HOE 550, a reference beam 560 identical or similar to the reference beam 
used to generate the HOE 550 is generated from a source 564 and is directed toward the 
HOE 550 to ilUiroinate the HOE 550. The beam emanating from the HOE 550 upon 
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illumination is a reconstruction of the HOE object beam 540 (beam A), which was the 
object beam originally captured on the holographic storage material 552 to create the 
HOE 550 and which represent the HMS reference beam. The content and direction of 
the reference beam 560 with respect to the HOE 550 may depend, at least in part, on the 
5 distance D between the second lens 525 within the optical processor 535 (see also FIG. 
2) and the holographic storage material 252 compared to the focal length f2 of the 
second lens (luring the generation of holographic optical element 550 (e.g., as shown in 
FIG. 2 and described previously herein). 

As shown in FIG. 4A, where the distance, D during generation of the HOE 550 is 
10 less than the focal length ]2 of the second lens (shown previously in FIG. 2), the image 
plane 575 (labeled P) of the HOE object beam 540 forms beyond the HOE 550. In such 
cases, the HOE 5S0 is illuminated by directing the reference beam 560 toward the same 
surface (ie., surface 565) as was used to generate the HOE 550. The HOE object beam 
540 is then reconstructed by the interaction of reference beam 560 and HOE 550 to form 
15 the image plane 575 (or other place of interest) of the HOE object beam 540 beyond 
HOE 550. 

As shown in FIG. 4B, 550 where the distance D during generation of the HOE 
550 is greater than the focal length/2 of the second lens, the image plane 575 (labeled P) 
of HOE object beam 540 forms before or in front of HOE 550. In such cases, the 

20 complex conjugate of reference beam 562 generated from a source 563, is used to 
illuminate the HOE 550 from a second surface 570, i.e., from the surface opposite that 
which as was used to generate HOE 550. The complex conjugate of the HOE object 
beam 542 (labeled A*) is reconstructed by the interaction of the complex conjugate of 
reference beam 562 and the HOE 550 to form the plane of interest 575 of the complex 

25 conjugate of the HOE object beam 542 (A 9 ) before or in front of the HOE 550. 

In both embodiments depicted in FIGS. 4A-B, the holographic memory system 
500 indudes a holographic memory cell (KMC) 580 within which a plurality of 
holographic data may be stored. The HMC 580 is positioned relative to the image plane 
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575 for location and retrieval of any of the holographic data stored therein. The 
holographic data is stored in the HMC 580 as a relatively closely-spaced or. densely 
configured array characterized by a high-degree of selectivity between and among each 
of the plurality of stored holographic data. For example, a storage density of 
5 approximately 300 channel bits/um 2 is typical in a PCM holographic system. 

Referring next to FIGS. 5A-B, a reflection-mode holographic optical element 
(HOE) 650 is depicted as part of a holographic memory system 600 constructed in 
accordance with the present Invention. The HOE object beam 640 (beam A) is 
reconstructed by directing a reconstruction reference beam 660 from a source 664 
10 toward and illuminating the HOE 650. The content and direction of the reconstruction 
reference beam 660 (beam B) with respect to the HOE 650 may depend, at least in part, 
on the distance D between the second lens 625 of the optical processor 635 (see, e.g.; 
also FIG. 3) and holographic storage material 652 as compared to the focal length/? of 
the second lens during the generation of the HOE 650. 

1 5 As shown in FIG. 5A, where the distance D during generation of the HOE 650 is 

less than the focal length ft of the second lens, the image plane 675 (labeled P) of the 
HOE object beam 640 forms beyond the HOE 650. In such cases, the HOE 650 is 
illuminated by directing the reference beam 660 toward a second surface 670. Then, 
similar to previous discussions herein, the HOE object beam 640 is reconstructed by the 

20 interaction of the reference beam 660 and the HOE 650 to form image plane 675 (of 
other plane of interest) of the HOE object beam 640 beyond the HOE 650. 

As shown in FIG. 5B, where the distance D during generation of the HOE 650 is 
greater than the focal length J2 of the second lens, the image plane 675 (labeled P) of the 
complex conjugate of the HOE object beam 642 (labeled A*) forms in front of or before 
25 holographic optical element (HOE) 650. In such cases, the HOE 650 is illuminated by 
the complex conjugate of the reference beam 662 generated from a source 663. The 
complex conjugate of the reference beam 662 illuminates the HOE 650 from a first 
surface 665 opposite that which was used to generate the HOE 650. The complex 
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conj ugat e of die HOE object beam 642 (A*) is reconstructed by the interaction of the 
complex conjugate of the reference beam 662 and the HOE 6S0 to form an image plane 
67S or other plane of 'interest of the complex conjugate of the HOE object beam 642 
(A*) before or in front of the HOE 650. 

5 In both embodiments depicted in FIGS. 5A-B, the holographic memory system 

600 includes a holographic memory cell (HMC) 680 within which a plurality of 
holographic data may be stored. The HMC 680 is positioned relative to the image plane 
675 for location and retrieval of any of the holographic data stored therein. The 
holographic data is stored in the HMC 680 as a relatively closely-spaced or densely 
10 configured array characterized by a high-degree of selectivity between and among each 
of the plurality of stored holographic data. 

The above description has been directed to a specific embodiment of a device and 
method for making a holographic optical element (HOE). This discussion is merely 
illustrative and provided as a non-limiting example of one such device and method. It 
15 will be obvious to persons skilled in the art that other devices and methods of making 
holographic optical elements may be used in connection with the present invention 

FIGS. 4A-B and 5A-B generally depict the systems and method for recording or 
storing holographic data in a holographic storage medium in high-density fashion. 
Referring next to FIG. 6, the location and retrieval of stored holographic data will now 

20 be discussed in detail in accordance with the present invention. A holographic memory 
system 700 includes an optical processor 735 through which a plane wave signal 105 
passes and from which an encoded object beam 740 emerges. The object beam 740 
includes the desired stored holographic data information. The object beam 740 is 
directed toward a holographic memory cell (HMC) 780 capable of storing a plurality of 

25 holographic data, and having a plurality of holographic data stored therein, including the 
desired holographic data. A plane wave source 764 generates a generally collimated 
plane wave signal 765 and directs the plane wave signal 765 toward a HOE 750 that 
includes a hologram of a holographic memory system (HMS) reference beam 760. 
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Before reaching the HOE 750, the plane wave signal 765 is manipulated by a after 790 
so that a manipulated plane wave signal 765* illuminates the HOE 750. In the example of 
an aperture, the filter 190 may comprise a fixed or variable area aperture having a 
predetermined geometry. The aperture geometry may be, by way of non-fanning 
5 example, round, oval, rectangular (I.e., a slit), a bull's eye, or of virtually any other size 
or shape provided that the aperture modifies the plane wave signal 765 so that the 
manipulated place wave signal 765' is different (i.e., in diameter) than the plane wave 
signal 260, 360 (see, e.g., FIGS. 2 and 3) used to create the HOE 750. The filter 790 
preferably removes high-frequency components from the plane wave signal 763, 
1 0 effectively bandwidth limiting the signal 765. 

The data originally recorded in the HOE 750 is recorded as a Fourier transform. 
Consequently, there exists a relationship between the frequency spectrum of the 
reference beam used to created the HOE (i.e., the HOE reference beam), and where the 
frequency information is spatially recorded in the HOE 750. Therefore, when the HOE 

15 750 is illuminated by a plane wave signal having a different spatial profile than the HOE 
reference beam, different stored spectral components of the reference will be illuminated 
and a modified reference beam 760* will be generated by the HOE 750. The modified 
reference beam 76C win have a different frequency spectrum than the reference beam 
used to originally record the hologram in the HOE 750. and will actually have a reduced 

20 information content due to the eUminmion of some high-frequency components. In the 
example, the modified reference beam 760* will have a broader bandwidth selectivity 
(see, e.g., FIG. 7B) and the same peak maximum as the original reference beam (see, 
e.g., FIG. 7A). 

The present invention provides for quick location and retrieval of any of the 
25 plurality of holographic data stored in a holographic memory cell by increasing the width 
of the selectivity of the holographic memory system. The spatial frequency spectrum of 
the reference beam is controlled by directing the beam through a filter 790 that obscures 
a part of the reference beam so as to remove high-frequency components from the 
reference beam. The filter 790 manipulates the plane wave signal 765 so that the full- 
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width at half-maximum of the modified plane wave signal 765' is significantly increased 
(see, e.g., FIGS. 7A-B). Thus, the reference beam bandwidth is broadened while the 
peak position is maintained. Consequently, the scan resolution {spatial sensitivity and 
step resolution of scans) required to located a particular holographic data is significantly 
5 reduced. Holographic data can thus be located and retrieved more quickly, resulting in 
an improvement in the performance of the holographic memory system. 

The geometry (i.e., size and shape) of the aperture of the filter will control the 
spatial frequency spectrum of the beam directed therethrough. In general, as the area of 
the aperture decreases, causing the diameter of the beam passing therethrough to also 
10 decrease, high-frequency components of the beam are attenuated and/or cut-off. The 
present invention also contemplates a filter that causes the diameter of a light beam 
passing therethrough to increase. While a few aperture geometries have been discussed 
herein, the present invention is not limited to such geometries, which are provided by 
way of non-limiting, illustrative examples. 

15 in general, and as depicted in FIG. 7 A, the recording of holograms with a 

complex reference arm is important to PCM holography and typically results in an 
extremely narrow selectivity function. Accordingly, extraordinary densities of stored 
holographic data in a holographic memory cell (e.g., greater than approximately 300 
channel bits/urn 2 ) are possible with phase correlation multiplexing (PCM) holography. 

20 For example, the full width at half maximum of the correlation between the reference 
beam and the stored holographic data is less than approximately 5 urn. The peak value 
in FIG. 7A represents the diffracted intensity of a stored hologram as a fttnetion of HMC 
. position. 

Retrieval of stored holographic data has heretofore also required a 
25 correspondingly narrow selectivity function. Scanning a holographic memory cell 
densely populated with a plurality of holographic data for a specific holographic data was 
time consuming and expensive. The present invention advantageously expands or 
widens the selectively function of the holographic memory system to permit more rapid 
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location and reading of holographic data from a holographic memory cell. The. graph 
depicted in FIG. 7B represents the selectivity function of a holographic memory system 
configured in accordance with the present Invention in which the reference beam has 
been manipulated by a filter as discussed in detail above. Once the desired stored 
5 holographic data is located in the holographic memory cell, the stored data may be 
reconstructed by removing the filter from the one of the reference beam, i.e., by opening 
the aperture, for example. 

Thus, while there have been shown and described and pointed out fundamental 
novel features of the invention as applied to preferred embodiments thereof, it will be 
10 understood that various omissions and substitution* and changes in the form and details 
of the disclosed invention may be made by those skilled in the art without departing from 
the spirit of the invention. It is the intention, therefore, to be limited only as indicated by. 
the scope of the claims appended hereto. 



4. Brief Description cf Draviaffi 
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FIG. 4A 




(34) 



2001-60394 



3/4 

FIG. SA 




FIG. G 






1 Abstract 

The present invention provides a system and method for controlling the 
5 selectivity function in a holographic memory system that permits more rapid location and 
retrieval of holographicalry stored data. In accordance with the present invention, a 
reference beam is directed through a filter such as, for example, an aperture, to 
bandwidth limit the beam before the beam illuminates a holographic optical element 
having stored therein a hologram of a reference beam. 
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